Goal-oriented (GO) methodology is a success-oriented method for complex system reliability analysis based on modeling the normal operating sequence of a system and all possible system states. Recently, GO method has been applied in reliability and safety analysis of a number of systems, spanning defense, transportation, and power systems. This chapter provides a new approach for reliability analysis of complex systems, first, by providing its development history, its engineering applications, and the future directions. Then, the basic theory of GO method is expounded. Finally, the comparison of GO method, fault tree analysis and Monte-Carlo simulation is discussed.
Introduction
Quality and reliability are key attributes of economic success of a system because they result in an increase in productivity at low cost and vital for business growth and enhanced competitive position. The recent advances in electronics, computing, communication, control, and networking have resulted in integrated systems that are: (i) complex in structure, (ii) large in scope and scale, (iii) characterized by multimode operation, (iii) capable of working in varied working conditions, and (iv) hierarchically organized. The reliability of such complex systems is a critical factor of their fitness for their intended use and hence is vital for in design and manufacturing. Reliability analysis method of complex systems is conducive to prevent defects in the first place in all aspects when they do occur in operation, in order to improve their reliability and reduce their life-cycle cost.
Fault tree analysis (FTA) and Monte-Carlo simulation (MCS) are now the standard reliability and safety analysis methods. Different from them, goal-oriented (GO) methodology [1] is a software tools to support design of complex systems for reliability that are intuitive and support collaborative design. Considering the advantages of GO model and its reliability analysis method, the GO method not only can solve the existing problems above, but also it can further develop system reliability theory and application. Meanwhile, the corresponding software will also have a more extensive application prospects and important value.
Another important direction for research is the application of the GO methodology to related areas of quality control, fault diagnosis and prognosis, and condition-based maintenance.
GO model
The GO model is a key element of GO method. It is developed directly using product schematic diagrams, its structure, and its functional hierarchy. According to the GO model, the reliability analysis is conducted by GO operation. The GO model composed of GO operator and signal flow.
GO operator
GO operator contains function operator and logical operator, which represents the unit itself or logical relationship, respectively. Its data, type, and GO operation formula are the basic attributes of GO operator. There are 17 standard GO operators in basic GO theory, and their signs and description are shown in Figure 1 and Table 1 , respectively. In Figure 1 , S, C, and R are the input signal, GO operator itself, and output signal, respectively.
Standard GO operator
In this section, six frequently-used standard GO operators are illustrated from aspects of description, operation rule table, and GO operation formula, respectively. In operation rule table, V S ,V C , and V R are the state of the input signal, GO operator itself, and output signal, respectively, and 0, ⋯,N represent their state values. In GO operation formula, P S ðiÞ, P R ðiÞ,andP C ðiÞ are the state probability of the input signal, GO operator itself, and output signal, respectively. The state cumulative probability of input signal A S ðiÞ and output signal A R ðiÞ are defined as • Operation rule table:
• GO operation formula: 
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Type 2 operator
• Description: It describes the logical relationship OR among some inputs signal and one output signal.
• Operation rule table:
• GO operation formula:
3. Type 3 operator
• Description: It describes unit with failure state, operating state, and operating ahead state. For example, control system, contactor coil, and so on.
4. Type 5 operator
• Description: It describes the single input unit, which as system input. For example, battery, water source, and so on.
5. Type 6 operator
• Description: It describes the unit receiving signal to turn on. For example, electric water pump, contactor, and so on.
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• GO operation formula: • GO operation formula:
Developed GO operator
In this section, three developed GO operators are illustrated from aspects of description, operation rule table, and GO operation formula, respectively.
Type 18 operator
• Description: It describes the logical relation of standby mode, which is combination of primary equipment group CG and standby equipment group CBG working under condition of primary equipment group faulting. The input signals and output signal of Type 18 operator are denoted as L 1 , L 2, and R, respectively. The signal flow L 1 represents primary equipment group working. The signal flow L 2 represents standby equipment group working under condition of primary equipment group faulting, and the signal flow L 2 is also the output signal of GO operator, which represents the standby equipment group. And the signal flow R represents standby structure working. L 1 , L 2, and R have two states, which are state 1: success state and state 2: fault state.
• Operation rule table: The combination composed of a Type 18 operator and a Type 20 operator is often used to represent standby structure at any place. S 1 , S 2, and S 0 represent the input signal flows and output signal flow of Type 20 operator, respectively, and S 2 represents also the input signal flow of Type 18 operator, i.e., L 1 . Complex System Reliability Analysis Method: Goal-Oriented Methodology http://dx.doi.org/10.5772/intechopen.69610 9
where P S0 ð1Þ and P CBG ð1Þ are the success probability of S 0 and CBG, respectively.
Type 19 operator
• Description: It describes the unit turning unstable operation into normal operating. The input signals and output signals of Type 19 operator are denoted as S and R, respectively. S is a multistate signal flow, which contains an operating state, a faulting state, and m unstable operation states. And m unstable operation states are divided into two kinds, which are q unstable operation states turned into operation state by Type 19 operator, and m-q unstable operation states. R is also a two-state signal flow, which contains operating state and faulting state. C is the unit itself, i.e., Type 19 operator, which contains operating state and faulting state.
where P S ðjÞ is state probability of unstable operation states for S, j ¼ 1, 2, ⋯,m, P S ð0Þ and P S ðNÞ are state probability of operating state and faulting state for S, respectively,
; P C ð0Þ and P C ðNÞ are state probability of operating state and faulting state for C, P C ð0ÞþP C ðNÞ¼1.
Type 20 operator
• Description: It describes the signal flow of conditional operating mode, which is one of its input signal faults under the condition of another input signal success. The input signals and output signal of Type 20 operator are denoted as S 1 , S 2, and R, respectively. S 1 , S 2, and R have two states, which are state 1: success state and state 2: fault state. It is often used in standby structure.
where P Sα ð1Þ, P CG ð1Þ, and P R ð1Þ are the success probability of S α , CG, and R, respectively, α ¼ 1, 2; P R ð2Þ is the fault probability of R.
Signal flow
Signal flow represents specific fluid flow, such as oil, gas, electricity, and so on, or a logical process. It describes the relationships among the GO operator, its inputs, and outputs. And its attribution includes state value and state probability. The signal flow is used to connect the GO operator and as the direction of GO operation.
GO model
GO model is developed by using signal flows to connect GO operators according to the system principle diagram, engineering drawing, and function constitute directly. And it reflects the system characteristics visually. The proper GO model should be satisfied with:
• The operator in GO model must be labeled with type and number, especially the number which is unique. The first number in the GO operators represents the type of operator and the second number represents the numbering of the operators.
• There is at least one input GO operator (such as Type 4 or Type 5). Generally, the number of GO operator begins with the input GO operator.
, 2 22
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• For each GO operator in GO model, its input signal flow must be the output signal flow of the other GO operators. Each signal flow must be labeled with the unique number, and the numbers on the signal line represent the signal flow numbering.
• The signal flow sequence must start with any input GO operator and end with the output signal flow of system. The GO model does not allow being a cyclic model. Generally, the number of signal flow should be labeled with the output signal flow of an input GO operator.
Example:
The structure diagram of pressurized water reactor (PWR) purification system and its GO model are, respectively, shown in Figures 2 and 3 , and the GO operator type of component is presented in Table 2 . 
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GO operation
GO operation is defined that it begins with output signal flow of input GO operators in GO model to calculate the state probability and state value of output signal flow for the next GO operator, and it will be finished until the system output signal flow is calculated after the sequence of signal flow. GO operation contains the quantitative and qualitative analyses. And the quantitative and qualitative analyses are conducted using the GO operation based on the GO algorithm, following the reliability analysis process of GO method. GO algorithm and GO analysis process are the key elements of GO operation.
GO algorithm
The operational efficiency and accuracy of analysis are thus affected by the GO algorithm. The GO algorithm is comprised of a state combination algorithm [4] and a probability formula algorithm [18] [19] [20] [21] . The number of state combinations for a complex system is very large, and the probability of a combination state cannot be easily computed. The probability formula algorithm is faster and easier than the state combination algorithm, and it is the mainstream GO algorithm. Thus, this section illustrates two kinds of probability formula algorithms, which are direct GO algorithm and GO algorithm with shared signals. Table 2 . GO operator type of component for Figure 2 .
Direct GO algorithm
Direct GO algorithm is based on the calculation of state probability for signal flow, and the proper direct GO algorithm should be satisfied with:
• The state probability of input GO operator is the state probability of its output signal flow. The output signal flow of input GO operator is the input signal flow of the next GO operator.
• The state probability of output signal flow for the next GO operator is calculated based on its GO operation formula and data, and this output signal flow will be the next GO operator's input signal flow.
• Based on the above rules, following the signal flow sequence, the output signal flow of every GO operator in GO model can be obtained, and the GO operation will be finished until the state probability of output signal flow represented system output is calculated.
• When GO operator is executed with quantitative analysis, it is not necessary to list the corresponding state combination.
GO algorithm with shared signals
In GO model, the output signal flow of a GO operator often connects multiple GO operators, and they are the input signal flows of more than one GO operators, such output signal flow is called shared signal. If the GO operation adopts the direct GO algorithm, the quantitative analysis results will have biases. Thus, GO algorithm with shared signals was proposed in order to obtain more accurate result.
Shared signal
There are two situations in GO model on shared signal, which are as follows:
• Completely contain. It means all items in formula of a signal flow's state probability have state probability of shared signal.
• Not completely contain. It means some items in formula of a signal flow's state probability have not state probability of shared signal.
The rules of the processing shared signals in GO algorithm with shared signals are as follows:
• Behind a shared signal, all of signal flows in sequence of GO model still have this shared signal, and there are two situations, which are completely contain and not completely contain.
• For multiple signal flows with the same shared signal, their joint state probability cannot be obtained by using the product of their state probabilities directly.
• For two signal flows completely contain the same one shared signal, their joint state probability can be obtained by using the product of their state probabilities to divide the state probability of shared signal.
• For multiple signal flows with the same one shared signal, their joint state probability formula can be obtained by turning a high stage term of shared signal in the formula into a one stage term of shared signal.
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Probability formula
For a system with L shared signals, the probability formula of GO algorithm with shared signals is given by Eq. (10).
where P RK 1 K 2 ⋯K L is the cumulative probability of system output under a combination of all shared signals, and Sl is a shared signal in the system. K l ¼ 0 and K l ¼ 1 are the failure and success states of the shared signal l, respectively. P Sl and P R are success probability of shared signal l and system output, respectively. The item of Y L l¼1 ½ 1 À P Sl ðÞ 1 À K l ðÞ þ P Sl K l is the state probability for each combination of shared signals.
Calculating form
It is difficult and complex to derive mathematical formulae for a complex system with a large number of shared signals. A new form of Eq. (10) involves probabilistic weighting of shared signals. The probabilistic weighting improves operation efficiency greatly and avoids the need for complex mathematical formulae. The calculation process is shown in Table 3 .I nTable 3, numbers 1 and 0 represent success state and failure state of a shared signal Sl, respectively.
The success probability of system can be obtained by Eq. (11) .
where A j is the state probability for each combination of shared signals, and B j can be obtained by the GO operation of the system, which sets success and failure probability of a shared signal to 1 and 0 depending on the state of shared signal for each combination of shared signals.
Reliability analysis process of GO method
The reliability analysis process of GO method is the criterion and prerequisite for conducting quantitative analysis and qualitative analysis. Generally, the steps of GO analysis process are as follows:
State combination of shared signal State probability of combination Success probability of system
Success probability of system P R Table 3 . Calculation form of GO algorithm with shared signal.
Step 1. Conducting system analysis. The system analysis is the base of GO method, and it directly affects the developing GO model and conducting GO operation. First, to analyze system structure and system function constitutes according to the principle diagram, engineering drawing, or function flowchart of system. Second, to determine system characteristics, such as correlations, multistate, and so on. Then, to determine the interfaces, inputs, and output of system. Finally, to define the success rule of system according to system analysis result.
Step 2. Developing GO model. First, to select GO operator according to system analysis results, and then to establish GO model through the signal flow to connect GO operator.
Step 3. Processing data of GO operator. According to engineering practice, to obtain the state probabilities of GO operator.
Step 4. Operating quantitative analysis. If the GO model does not contain shared signal, the direct algorithm can be selected to conduct GO operation. If the GO model contains shared signal, the GO algorithm with shared signal should be selected to conduct GO operation. Otherwise, it will cause a big error.
Step 5. Operating qualitative analysis. Setting the reliability of a function GO operator in GO model is 0, and the reliabilities of other GO operators are kept constant; in this case, if system reliability is 0 by GO operation, this GO operator will be a one-order minimum cut set. Setting the reliabilities of two function GO operators in GO model is 0 except oneorder minimum cut set, and the reliabilities of other GO operators are kept constant; in this case, if system reliability is 0 by GO operation, the two GO operators will be a two-order minimum cut set. In the same way, the higher-order minimum cut sets of system can be obtained.
Step 6. Evaluating system. The quantitative analysis result and qualitative analysis result can be used as a guidance and theoretical basis for improving system and fault diagnosis of system, and so on.
Above all, the reliability analysis of GO method is formulated, as shown in Figure 4 .
To determine the interfaces, inputs and output of system
To analyze system principle, function and structure
To define system success rule Conducting System Analysis
To select GO operator To establish GO model
Developing GO Model
To determine the characteristics of system 
Operating Qualitative Analysis
To obtain one-order minimum cut sets of system Figure 4 . Reliability analysis process of GO method.
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Example
In this section, taken a hydraulic oil supply system (HOSS) of an armored vehicle as a case, its reliability analysis is respectively conducted by GO method, FTA, and MCS in order to illustrate the usage and characteristics of GO method. Conducting system analysis • To analyze system principle, function, and structure: HOSS supplies oil for an armored vehicle, pump-motor system, pump-motor control system, hydraulic torque converter, and lubrication system. HOSS consists of pressure oil tank, pump P1, P2, P3, and P4, oil filter LF1, LF2, and LF3, pressure relay, bypass valve LF2B and LF3B, one-way valve CV1 and CV2, constant pressure valve RV1, RV2, and RV3, hydraulic torque converter TC, radiator HE, and so on, as shown in Figure 5 . Oil is extracted by P1 from oil pan via LF1, and then oil is injected into pressure oil tank via LF2 and case inner passage. When LF2 group is obstructed and pressure between input and output becomes more than 0.5 mega Pascal, oil will be injected into pressure oil tank via LF2B. Oil is extracted by P2 from pressure oil tank; then oil is injected into CV2 via LF3 and then it is injected into hydraulic manifold block as the pressure oil provided for oil cylinder of variable speed control system and pump-motor control system by P4. LF3 and LF3B are another parallel structure, and they are same as LF2 group and LF2B. Because of the pressure of control oil which decreases a little at the situation of high speed, ingress oil of P2 can meet requirements of system. In addition, oil is extracted by P3 from pressure oil tank via DRV to TC. Then, ingress of oil is injected into lubrication system via HE. TC and TCB, and HE and HEB are same as LF2 group and LF2B. RV1, RV2, and RV3 are constant pressure valves of variable speed control and pump-motor system, lubrication system, and pump-motor control system, respectively.
• To determine characteristics of system: According to analysis of HOSS, the LF2 group and LF2B, LF3 and LF3B, TC and TCB, and HE and HEB are standby structures in HOSS. The standby equipments haven't the change-over switch.
• To determine interfaces, input, and output of system: According to analysis of HOSS, the oil from oil pan and pump group power are system inputs, and oil supply of variable speed control system, pump-motor system, pump-motor control system, hydraulic torque converter, and lubrication system are system outputs. • To define system success rule: According to analysis of HOSS, success rule can be defined as a system that can provide oil to variable speed control system, pump-motor system, pump-motor control system, hydraulic torque converter, and lubrication system of an armored vehicle under high speed condition at steering situation without considering overload protection.
Developing GO model
• To select GO operator: According to the system analysis result and the types of GO operator, the functional GO operators and logical GO operators are selected to describe the units itself and logical relationships in HOSS, respectively, as presented in Table 4 .
• To establish GO model: According to diagram of HOSS and analysis result of HOSS, the GO model of HOSS is developed from system input to system output, as shown in Figure 6 .
Processing data of GO operator
According to statistical results of data from engineering, the success state probabilities of component in HOSS are presented in Table 5 .
Operating quantitative analysis
It is shown in Figure 6 that signal flow S1, S4, S7, S8, S15, S16, S17, and S22 are shared signals; the GO algorithm with shared signals should be adopted to conduct GO operation, and the calculation form is as presented in Table 6 . 
Operating qualitative analysis
According to the Step 5 in Section 3.2, all minimum cut sets of HOSS can be obtained by multiple GO operations, as presented in Table 7 .
Reliability analysis of HOSS based on FTA and MCS
Reliability analysis of HOSS based on FTA
The reliability analysis process of FTA mainly contains developing fault tree model of system, obtaining all minimum cut sets of system by using Fussell-Vesely method, and obtaining the system success probability according to the minimum cut sets of system. In this case, the brief fault tree model of HOSS is shown in Figure 7 , and the brief analysis processes are presented in Table 8 .
Reliability analysis of HOSS based on MCS
The reliability analysis process of MCS mainly contains generating random numbers of success probability of GO operators, establishing simulation model, and obtaining success probability of system by operating a specified number of simulation times according to simulation model. Success probability of HOSS (P 37 ) 0.9837732025 Table 6 . Quantitative analysis result by calculation form of GO algorithm with shared signal for Figure 6 .
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In this case, the quantitative analysis result of HOSS by simulating 1 million times is 0.9838136000.
Comparison with FTA and MCS
According to reliability analysis process and analysis results of GO method, FTA, and MCS, the qualitative analysis results by the GO method are consistent with FTA, and the quantitative analysis result by the GO method is very close to the result by MCS. It illustrates that both the accurate quantitative analysis result and qualitative analysis result can be obtained by multiple GO operations based on GO method, and the comparisons of GO method, FTA, and MCS are presented in Table 9 . Table 7 . Qualitative analysis result by GO method for Figure 6 .
Brief analysis processes
Minimum cut sets Order 
